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Compatibility of Halon Alternatives
During Storage

Richard G. Gann', Carlos R. Beauchamp?, Thomas G. Cleary!,
James L. Fink® Richard H. Harris, Jr.!, Ferenc Horkay?
Gregory B. McKenna?, Thomas P. Moffat?, Marc R. Nyden!,
Richard D. Peacock!, Richard E. Ricker?, Mark R. Stoudt?,
and William K. Waldron, Jr.2

'Building and Fire Research Laboratory, Fire Science Division and
Materials Science and Engineering Laboratory, National Institnte
of Standards and Technology, Gaithersburg, MD 208990001

A key facet of the evaluation of new firc suppressants is their behavior
under pressure and at elevated temperature in 2 metal storage container
with an elastomer seal. In this study, 13 candidate chemicals have been
examined: CyF,, C,F,, CFyg, cyclo-C,F,, CH,F,, C,HF,, CH,F,
(60%)/C,HF, (40%), C,ILF,, C,1IF,, C,H,F,, CHF,Cl, C,HF,C], and
NaHCO;. This paper presents the results of testing for thermal stability
in the presence of various metals, corrosion of those metals, and effects

on selected elastomers and lubricants. .
3

Under the Montreal Protocol of 1987 and its subscquent amendments, production of
new halon 1301 (CF,Br) has been curtailed and now halted. However, the need for
fire suppressants still exists for in-flight fires aboard aircraft. There, halon 1301 is
now stored for up to 5 years in a metal container which is scaled with a lubricated
elastomer. For high temperature applications, a metal gasket is used. The storage
pressures are typically 2-4 MPa, and the temperature of the container (or bottle) during
flight can range from -70 °C to +150 °C. Deleterious interaction between the chemi-
cal and the materials in the storage container could lead to leakage of the suppressant
and/or failure of the container. Interaction between the chemical or its combustion by-
products could also lead to weakening of downstream parts of the aircraft following a
fire. Discussions with military and civilian maintenance personnel indicate that there
has been no significant leakage of halon 1301 from its storage system, nor has there
been evidence of significant agent deterioration during long-term storage. To avoid
costly design errors, it is important that a replacement chemical be similarly stable and
that the systcm remain intact.

Most of the chemicals under consideration (Table 1) are aliphatic halocarbons
of low or zero ozone depletion potential that are being manufactured for other applica-
tions. Most were recommended by Zallen [1], considering past investigations
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[2].131,141,15). His list was modified by the sponsors, the results of early testing, and a
solicitation of additional chemicals.

Table 1. Core chemicals examined

Chemical Formula Designation TUPAC Name
C,F, FC-116 hexafluoroethane
C,F, FC-218 octafluoropropane
C./Fu FC-31-10 decafluorobutane
cyclo-C,F, FC-318 octafluorocyclobutane
CH,F, HFC-32 difluoromethane
C,HF, HFC-125 pentafluoroethane
CH,F, (60%)/C,HF, (40%) HFC-32/125 -
C,H,F, HFC-134a 1,1,1,2-tetrafluoroethane
C,HF, HI'C-227ea 1,1,1,2,3,3,3-heptafluoropropane
C,H,F, FIFC-236fa 1,1,1,3,3,3-hexaftuoropropane
CHE,( HCFC-22 chlorodifluoromethane
C,HF,Cl HCFC-124 2-chlore-1,1,1,2-tetrafluorocthane
NaHCO,/810, (1%) - sodium bicarbonate/siticon dioxide

This paper describes procedures developed for obtaining agent stability and
materials compatibility data under conditions well-related to those during use [6]. It
was determined that the agent storage would be initially at 25 °C and 4.1 MPa. In
flight, these could rise to 150 °C and 5.8 MPa. The experimental approaches followed
from an earlier study [7]. The facilities developed and knowledge gained go well
beyond the specific applications to aircraft, and advance the fire suppression technol-
ogy in general.

Corrosion of Metals

There are 6 forms of potential concern for the storage, distribution, and post-deploy-
ment corrosivity of fire suppressant agents on aircraft: general corrosion, the result
of reactions over the entire exposed surface, resulting in metal thinning, reduced
mechanical strength, and an altered surface appearance; pitting corrosion, which
results in an accelerated corrosion rate in a small spot on the surface of a material,
crevice corrosion, which occurs where the local environment does not freely mix with
the bulk environment and could result in failure of joints; intergranular corrosion,
rapid deterioration between the microcrystals formed during melt solidification of the
metal, resulting in reduced mechanical strength; environmentally-induced fracture,
crack formation at levels well below those due to mechanical stress, leading to
catastrophic fracture; aud dealloying, sclective leaching of an alloying element,
resulting in serious loss of mechanical strength.
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able 2.Composition of the alloys in weight pereent

Nit Al In 304 CDA 13-8 AM AISI
Element 40 6061 625 38 172 Steel 355 4130
Ni 7.1 - 61.39 8.26 0.06 8.4 4.23 0.08
Cr 19.75 0.04 AN 18.11 0.01 12.65 15.28 0.98
Mn 9.4 0.15 0.08 1.41 .- 0.02 0.8 0.51
Mg -- f -- .- - - - - - - -
Si 0.5 0.4 0.09 0.49 0.08 0.04 0.16 0.23
Mo -- -- 8.82 0.17 .- 2.18 2.6 0.16
Nb - - - 3.41 -- -- .- - - - -

0.29 - -~ 0.03 - - 0 0.12 -
C 0.02 - (.02 0.06 -- 0.03 0.i2 0.32
Be -- -- - - .- 1.9 .- .- -
Co .- -- -- 0.11 0.2 - - -- --
Zn - 0.25 -- -- -- - - -- -
Cu - - 0.1% -- -- 919 -~ - - -
Fe bat 07 3.97 bal 0.06 bal bat bai
Al -- bal 0.23 .- 0.04 1.11 - 0.04
glem™ 7.83 2.70 8.44 7.94 823 7.76 7.91 7.85
kg/m® 7,830 2,700 8,440 7,940 8,230 7,760 7,910 7,850

*Mominal Density

+

Very little is known about corrosion under elevated pressures and tempera-
ures, the corrosivity of most of these agents to the metals used for aircraft storage
:ontainers, or the potential for significant corrosion damage to aircraft structural
:omponents by residual suppressant or by suppressant combustion products (e.g., HF,
NaOH). Therefore, the effects of the agents on 8 metals most typically used in
;uppressant storage vessels and fitlings werc examined. Their compositions are given
n Table 2. Several different types of experiments were performed to evaluate the
sarious forms of corrosion.

Exposure Tests. 25-day exposure tests were conducted to determine the change in
nass and, in turn, to assess the vate of formation of corrosion scales or the rate of
-emoval of metallic species by corresion. Visual and optical microscopic examination
>f these samples before and after exposure allowed for the evaluation of the occur-
-ence of pitting, intergranular corrosion and dealloying. The samples were flat,
smooth, and clean surface coupons as shown in Figure (a) [8].
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—d T" W= 25.4 mm (1.0 in)
W ](:9 L=560.8 mm (2.0 in)
‘ 1= 1.6 mm (0.0625 in)
g\\(t d= 6.7 mm {0.265 in)
L

(a) General comrosion coupon design (ASTM G-01).

— R x=50.8 mm (2.0 in)
r y=50.8 mm (2.0 in)
7/ hy R =4.75 mm (0.1875 in)
\ h C=31.75mm (1.25 in)
''''' 7 h=3.2 mm (0.125 in)
SO hy = 3.2 mm (0.125 in)
X

(b) Weld/crevice corrosion coupon design.

L , D =19 mm {0.25 in)
% l L=178 mm (7 in}

T g =254 mm(1in)
h =57 mm (2.25 in)
s=19 mm (0.75 in)

M6x20 Threads
(1/4 x 20)

(c) Slow strain rate tensile sample design (ASTM E-8, G-49).

Figure 1. Design of samples used in immersion and slow strain
rate tensile tests.
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General Corrosion Weld/Crevice Corrosion
Samples Samples
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Figure 2. Immersion testing chamber used for general corrosion coupon tests and

weld/crevice corrosion coupon tests.
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In each exposure test, 3 pre-weighed coupons of each of the § alloys were
mounted on a polytetrafluorocthylene (PTFE) rod with PTFE spacers betwcen the
triplicate samples as shown in Figure 2. This both scparated the samples and climi-
nated galvanic coupling effects. The samples were placed in a PTFE liner and charged
into a 2000 ml stainless steel pressure vessel. Each vessel was charged with cnough
neat agent to achieve a final pressure of =5.86 MPa at 150 °C. At the conclusion of
the testing period, the coupons were extracted from the cooled vessels and re-weighed.

All of the mass chanpes werc found to be relatively small and most were mass
increases. Visual examination confirmed the presence of very thin surface films on
many of the samples as noted by a color change,

Similar experiments were conducted to evaluate crevice corrosion, weld zone
attack, and intergranular attack in the heat-affected zone. The geometry of these
samples is shown in Figure [(b) and the test chamber is shown in Figure 2.

At the end of the 25-day test period, the samples were removed from the test
chambers and split along the fusion boundary. The corrosion damage within the
crevice region of the 3 samples for each agent/alioy combination was then evaluated
visually and statistically [9]. Seven of the agents had an alloy that showed no visible
evidence of attack and all of the agents had at least three alloys with only light
discoloration of the surface. Thus, the crevice/weld immersion experimenis show that
while there is a clear difference in the corrosivity of the agents, one can find container
alloys for each of the candidates. The agents were then ranked based on the appear-
ance of the corrosion damage in the crevice region for each alloy. The results showed
the same general trend as the first analysis. Sodium bicarbonate received distinctly
poor ratings here. Third, the alloys were graded based on their performance in all
agents. Again, the results were consistent,

Tensile Testing. The stress corrosion cracking susceptibilities of the 8 alloys in the
replacement candidates were evaluated using the slow strain rate (SSR) tensile test
technique. A test involves slowly increasing the strain on the sample until failure
occurs. The result for each agent is then compared to that strain required to cause

. failure in an inert environment.

The samples used for these cxperiments were machined with the tensile axis
parallel to the rolling direction of the plate stock (Figure 1(c)). The vessels were 250
ml volume autoclaves similar to those used for the exposure testing, except that for
these vessels, a load could be applied 1o the tensile specimen in situ under constant
environmental conditions (5.86 MPa at 150 "C). The number of moles of agent was
held constant for all tests.

After failure, the fracture surfaces were cut from the broken SSR samples for
analysis. Scanning electron microscopy was used to evaluate the mechanism of crack
propagation based on the fracture morphology. The test results were analyzed using
the maximum load observed during the tensile test, the total strain to cause failure, and
the reduction in area of the fracture surface. Each of these three parameters were
constdered relative to the value from an inert environment.
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From the SSR data, every agent had at least one alloy demonstrating good
erformance and all but two agents had more than one. However, no alloy was
naffected by all of the agents and no agent left all the alloys unaffected. Since the
loys have different chemical compositions, surface {ilms and corrosion susceptibili-
25, this is not surprising, but it indicates the importance of conducting experiments of
is type.

Finally, the data from all of the tests were combined into a single matrix, which
spears as Table 3. It is clear from these comipiled results that there are metals that are
ympatible with each of the agents under consideration. Some of the metals, espe-
ally the aluminum and copper-beryllium alloys and the 355 and 4130 steels, appear
skier to use than the others. The range of choice is more limited for sodium bicar-
yate than for the other agents.

ost-Deployment Corrosion. An additional set of experiments appraised the effects
“deposits of a suppressant and its byproducts on potential aircraft metals. The
impies were the same as in Figure 1{a) without the hole in the center.

These agents can be classified into two categories: those that will produce
togen acids (of which HF is usually the worst) and those that contain sodium
carbonate. Sodium bicarbonate will decompose on heating to form sodium carbon-
¢ (Na,C0,), and on combustion to form sodium hydroxide (NaOH).

To produce a surface film rich 10 fluoride ions, the surfaces of the samples
ere first sprayed with ASTM artificial seawater {a worst-case wet environment) then
rrinkled with sodium fluoride (NaF) powder while the surface was still wet. A
:cond surface film was simnlated by spraying with the ASTM seawater and sprin-
ing with a 50/50 mixture of sodium bicarbonate/sodium carbenate. A third sct of
imples was sprayed with the ASTM scawater and then sprayed with a 0.1 M solution
fNaOH. Samples of alloys with the 3 treatinents were then stored for 30 days at 3
ifferent fixed relative humidities (R11): 20%, 52%, and' 93%. .

The samples were weighed between the cleaning and the surface pre-treatment
eps. after the application of the ASTM artificial seawater, and after application of the
yrrosive salt(s). Following the exposure, the coupons were weighed, then rinsed in
»uble distilled water, dried and reweighed. Finally, they were weighed again after
1emical removal of the corrosion product films.

For most of the alloys the mass changes were quite small, no particular surface
retreatment was consistently worse than the others, and there was no clear trend in
ie magnitude of the mass change with relative hurmidity. For three alloys (aluminum
061-T6, AISI 4130 stecl, and Cu-Be CDA-172), the mass changes were somewhat
rger. Of particular importance is the large effect of NaHCO,/Na,CO, on the alumi-
am alloy, which comprises most of the aircraft surface. Cleaning these surfaces soon
fter discharge of the NaHCO; fire suppressant would be a very beneficial practice

OLINL{12L.13].
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Storage Stability

Storing chemicals under high temperature and pressure accelerates both homogeneous
reactions and heterogencous interactions with the metal storage cylinders. These can
promote the evolution of undesirable products and a concomitant loss of fire suppres-
sion effectiveness.

The most reliable way to assess storage stability of a chemical is by monitoring
its degradation in the actual storage environment. Cylinders made of some of the
metals were unavailable or extremely costly. Accordingly, in this project samples of
each of the candidate agents were evaluated in pressurized, PTFE-lined, 1000 ml
carbon stecl cylinders. To simulate the interactions with actual storage bottle materi-
als, each test cylinder contained 30 pieces (10.2 cm x 0.8 cm x 0.2 cm) of one of the 8
metals. The combined surface area of the pieces was comparable to the inside of a
1000 ml bottle. New metal pieces were used for each test. Blanks with no metal
added were also run. While the 12 fluids in Table | and halon 1301 were studied,
NalICO, was not tested because it is stable under thesc storage temperatures and pres-
sures. CF,I was added to the test list.

Each vessel was filled to the saturation vapor pressure of a liquid agent at 22
°C and then pressurized with nitrogen to an initial pressure of 4.13 MPa (600 psi).
FC-116 was available as a high pressure gas, and two other agents (HFC-125 and the
azeotrope of HFC-32 and HFC-125) had saturation vapor pressures somewhat higher
than the other agents. Therefore, these three were were filled to a pressure
approximating the mass filled for most of the other agents. All vessels were then
stored in an oven for 28 days at 149 °C (300 °F). These tests simulate degradation
that might be expected over a far longer storage time under typical use.

After cooling to ambient conditions, an infrared (IR) spectrum of the aged
sample was compared to a spectrum of the original sample [14]. Degradation of the
sample would be indicated by a systematic decrease in the absorbance of peaks
attributable to the agent and/or the appearance of new peaks in the IR spectrum of the
aged agent. The absolute signals varied between the two analyses due to sensitivity to
the alignment of the Fourier transform infrared (FTIR) spectrometer. Thus, the key
indicator of degradation was the formation of new compounds evidenced in the
spectra.

For both the initial and final analyses before and after the exposrure. a cooled
cylinder was connected to the inlet of the gas cell on the FTIR system. The agent/N,
mixture was introduced into the gas cell to an absolute pressure of 1330 + 10 Pa (9.95
+ .05 torr). Three 3 spectra were taken for each sample.

For all 13 agents examined, no new peaks were observed in any of the spectra.
To determine whether the peaks of new compounds were being masked by the peaks
from the original compound, we examined the peak heights and areas of selected
peaks in the spectra before and after the 28 day storage. Again, no new compounds
were identified in any of the spectra for any of the agents.

For CF;l, an initial spectrum and two later (8-day and 28-day) spectra were
available. The peak areas systematicaily decreased over the four-week exposure, but
the changes were likely within the experimental measurement error.  Since no new
compounds were observed in the CF,l spectra, the possible degradation of CF.I de-
serves further examination.
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The metal coupons were removed from the cylinders and examined. Changes

in their appearance are given in Table 4. When the metals from the CF,l cylinders

were removed, a dark solid was apparent on the coupons, and then disappeared within
seconds, perhaps solid I, which thei sublimed. For the other metals, visual changes
may be due to the prolonged heating of the metal or to interaction with the agent. For

the former, effects would be observed for all of the agents (for example, the Cuw/Be

C82500 coupons). Interaction with the agents is far more comimon, with some metals
affected by only a few agents and others effected by nearly all of the agents. HCFC-

22 and CF,l affected most of the metals, while for others, only the Cu/Be C82500

coupons were affected.

Table 4. Visible Changes in Metals After 28-Day Exposures at 149°C (300°F)

Agent

304 stainless sieei

Nitronic-40 (21-6-6)

Inconel 623

6061-T6 aluminum

4130 alloy steel

AM 350 stainless

Cu/Be C82500

13-8 Mo stainless

HCFC-22
HCFC-124
HFC-125
HFC-32/HFC-125
HFC-134a
FC-218
HFC-227¢a
FC-31-10
FC-116
FC-318
HEC-236fa
halon 1301
CFyl

S

v

~

e

~

b

~

v

N

NN N NN

NN NN S NN N NN NN

'
t

~

a - v indicates visible change in metal appearance after exposure

b - data not available

These results indicate that for these chemicals, stability in long-term storage
should not be a major deciding factor in selection of agents for further study. How-
ever, pending further study, CF,l couid be an exception.
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Elastomer Seal Compatibility

Excessive swelling or deterioration of the elastomer seal (o-ring) and its lubricant in
the fire suppressant storage container could lead to leakage of the agent, leaving the
system unready to respond in case of fire. The elastomers and lubricants examined in
this study (Tables 5 and 6) reflect the types likely to be considered for storage bottle
use. Both crosslinked and uncrosslinked elastomers were studied.

Table 5. Elastomers used in swelling experiments

Elastomer Vendor Designation
Silicone Colonial Rubber Si

55% Butadiene-45% Acrylonitrile Goodyear N206
Fluorosilicone Coleonial Rubber FSi

Viton E-60 Fluorocarbon Du Pont FKM
Neoprene Colonial Rubber CR

85% Butadiene-15% Acrylonitrile Goodyear N926

Table 6. Lubricants used in swelling expertments

Lubricant Vendor Designation

Krytox 240AC Fluorinated Grease Du Pont 240AC
Braycote 600 Perfluoropolyether Grease, Low Volatility | Castrol 600
Braycote 807 Aircraft Grease MIL-G-27617, Type IV Castrol 807

Two types of measurements were conducted to determine the proclivity of candidate
agents to alter the properties of various elastomers and greases and thus assist in the
identification of appropriate scals for suppressant storage containers.

Swelling. The degrees of swelling of the greases and elastomers were each deter-
mined by measuring the displacement of a quartz spring using a cathetometer as in the
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experimental arrangement illustrated in Figure 3. The 2.25 1 pressure vessel had two
10.2 cm diameter glass view ports 180° apart for viewing and backlighting purposes.
Inside was a stainless steel spring stand with 16 fused quartz spring and pan assem-
blies. Temperatures were maintained by immersing each vessel in a thermostatically-
heated borosilicate jar filled with silicone oil.

Pyrex Jar with Siticone Qil
\ Cathetometer

\
\

' _ View Port \\n

Sample

Quartz Spring and Pan Assembly

Figure 3. Schematic of the experimental apparatus for isopiestic swelling
measurerments

Swelling measurements were taken at four vapor pressures at 35, 70, 105. and
150 °C. FC-116 was also tested at 5 °C (p°+2.133 MPa) because this fluid has a low
critical temperature (7, = 19.7 °C) and little swelling was observed at temperatures
above T,. The maximum pressure considered was 5.86 MPa. Saturation pressures for
each temperature were determined using thermodynamic properties software [15],[16}
or vendor-supplied data [17],[18],{19],[20].

The elastomer’s or grease's mass uptake of the agent (solvent) was calculated
from the relative displacement of the springs. Values of ¥ [21] for the various
polymer/agent mixtures were then calculated from:

In(p/p®) = In(1 - wz) tw, X()WZ2 * X|w23= (D

where p” is the saturation pressure of the solvent, and w, is the polymer weight fraction
{22].

The x (= xo + %)) values were used to characterize the compatibility of the sol-
vents (agents) with the polymers (elustomers and greases). The maximum swelling
occurred for exposures at 35 °C, and thus these data were used in the analysis. Small
x values correspond to good solubility or, for present purposes, bad compatibility.
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Ratings (Table 7) were defined based on the values of x parameters obtained from
swelling measurements at 35 °C, where the swelling was the largest. Good compati-
bility (x > 1.2, w; < 0.22) implies that an elastomer or lubricant is acceptable for use in
the fire suppressant system. Bad compatibility (x < 0.9, w; > 0.38) corresponds to
excessive swelling. For values of 0.9 <y < 1.2, the agent was considered to have fair
compatibility with the elastomer or grease and represents a marginally acceptable
system.

Durability. These measurements produced data on residual mechanical (rheological)
properties of the elastomers and greases, determining their ability to maintain their
elasticity. Ratings were based on the results of compression set and tensile test
measurements of the elastomers and viscosity measurements of the greases. These
tests provide direct information on the physical and chemical damage to the samples at
extreme conditions. It is important to note that the long term exposure response of
these materials cannot be extracted from the tests as performed.

The mechanical property measurements of the elastomers and greases were
obtained after 1-, 2-, 4- and 6-week exposures to the agents at the extreme conditions
of 150 °C and 5.86 MPa. The two pressure vessels were similar to those used for the
swelling measurements, but without view ports. Inside each vessel was a compression
set fixture with samples of the 6 elastomers, and a 2 ml vial for each of the three
greases. The vessel was heated using a forced air oven. The o-rings used in this study
were Parker size no. 2-214 and are listed in Table 8.

Table 8. Elastomers used in durability experiments

Elastomer Vendor Designation
Silicone Parker S$604-70°
Nitrile (standard industrial) Parker . N674-70
Fluorosilicone Parker L1120-70
Fluorocarbon Parker V1164-75
Neoprene Parker C1185-70
Nitrile (low temperature industrial) Parker N103-70

“The number following the dash in the designation (compound number) represents
the Shore hardness of the elastomer.

The compression set tests were conducted per standard test methods [23].[24].
The compression set Cp was calculated using the average thickness readings before
and after the exposure and was expressed as a percentage of the original deflection.
Bad compatibility was defined as a condition when the compression set exceeded 90%
after a 2 week exposure. Elastomers have good compatibility if the compression set
was less that 90% after 4 weeks. Fair compatibility (marginally acceptable) meant that
the compression set was less than 90% after 2 weeks but exceeded 90% after a 4-week
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exposure. If a specimen was split or broken, the agent was considered to have bad
compatibility with the elastomer,

Tensile tests were conducted per standard test methods [25]. For each agent,
ultimate elongation, tensile stress, and modulus measurements were taken after 1-, 2-,
4-, and 6-weck exposure times at 150 °C and 5.86 MPa. A type TT-B Instron tensile
testing instrument was used for this purpose. The force /" was recorded at rupture and
at an elongation of 100% (if the ultimate elongation exceeded 100%). If the o-ring
could not be installed without breaking the specimen because of embrittlement due to
the high temperature exposure, the specimen was considered to have a 100% decrease
in ultimate elongation.

The clastorers were then rated as follows. Bad compatibility was defined as

Table 9. Compatibility of clastomers and lubricants based on durability ratings
(G = good, F = fair, B = bad)

Agent 240AC 600 807 $604- N674-70 L1120-  V1l64-  Cl1185-  N103-70

70 (N20G) 70 75 70 (N926)
HEC-236fa G G G GEr B G@® B B B
HFC-32/125 G G G G(F) B BG) B(G F@G  BG
HFC-227¢a B(F) G(F) GEF GE B(G) G(F) B(F F@G B
HCFC-22 B() B F B(F) B G(F) B@E BG F®
HFC-134a  B(G) B(F) B(G) GE B(G) G(F) B©G F@G B
FC-116 F GE G@E G F(G) G B@G G B (G)
HCFC-124 G G G B B (F) G(F) B@E BE B
HFC-125 GEF G G G B (G) BG BE G B {G)
FC-218 B(G) B{G) BG G F(G) G B(G G B (G)
FC-31-10 B(F) B B G B(R FG) BE  FG B
FC-318 B(F) BE BE G F (G) G G G 2

“If the ratings for compression set and tensile testing were different, the worse compatibility is listed
"If different, the rating for swelling compatitility (Table 7) is listed in parentheses

the decrease in ultimate elongation exceeding 65% after a 2 week exposure. Good
compatibility meant the decrease was less that 65% after 4 weeks. If the decrease in
ultimate elongate was less that 65% after 2 weeks but exceeded 65% after a 4-week
exposure, the agent was considered to have fair compatibility with the elastomer and
represents a marginally acceptable system.

The rheological properties of cach grease were characterized using a
Rheometrics Mechanical Spectrometer Model 800. The viscosity of the greases, when
measurable, did not show systematic variation with exposure time, indicating that no
significant chemical degradation occurred. However, mobile substances or fractions
were extracted by some of the candidate fire suppressant fluids, resulting in the
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greases becoming powder-like, ie., their viscosities were not measurable. Therelore,
the ratings for the lubricant compatibility were based on the following criteria. Good
compatibility meant the grease did not become powder-like after a 6 week exposure.
Bad compatibility meant the grease became powder-like after a 4 week exposure. Fair
compatibility meant the grease's viscosity was measurable after 4 wecks, but became
powder-like after 6 weeks.

Table 9 shows the compiled compatibility of the elastomers and lubricants. It
is clear from the results of the durability testing that the 150 °C condition is too
severe, I.e., property changes for the most part were extreme. Further testing at lower
temperatures will be required to provide better estimates of elastomer and lubricant
durabilities. However, the data show that there are elastomer materials and lubricants
that are suitable for use with each tested suppressant.

Conclusion

Procedures have been developed for appraising the mutual stability of fire suppressant
chemicals and the materials of their sterage containers. These methods are capable of
differentiating among chemicals, elastomers and greases, and metals on the basis of
their performance in close simulations of actual storage. In general, there are storage
materials available for any of the 13 tested candidate suppressants, although the
choices are more restrictive for some of the chemicals.
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